Aims of study: Forestry-related companies require quality monitoring methods capable to pass a large number of samples. This review paper is dealing with the utilization of near infrared (NIR) technique for wood analysis.
Introduction
A challenge for tree breeders and wood quality researchers of today is to respond appropriately to a complex environment demanding more productivity, higher quality, and a quicker adaptation of their crops to rapid changes (Verryn, 2008) . In this context, it is essential to know the variability, inheritance, as well as genetic and environmental control of the wood traits and the implications of these with other properties (Raymond, 2002) . Hence the use of new available techniques can make a significant contribution to understand how and why wood properties change along tree stems (Pereira et al., 2016) .
In order to accurately measure the wood traits, there is the need to have systems capable of evaluating the wood properties rapidly, precisely, and at low cost without altering the end-use potential of the wood material. Among the current techniques, Near Infrared (NIR) spectroscopy has come of age and is now prominent among major analytical technologies after the NIR region was discovered in 1800, revived and developed in the early 1950s and put into practice in the 1970s (Manley, 2014) .
NIR spectroscopy is a fast, non-destructive technique (measuring time: 1 min or less) applicable to any biological material, including on-line processes, demanding little or no sample preparation (Pasquini, 2003) . It is based on vibrational spectroscopy that measures the interaction between light and the material (Naes et al., 2002) . Bokobza (1998) and Pasquini (2003) extensively reviewed the basic theory of NIR spectroscopy and its applications presenting the concepts that make a NIR spectrum understandable. In this review, the main challenges for successfully applying NIR spectroscopy in wood are presented. A range of studies dealing with moisture content and portability of NIR devices are examined and the use of NIR-based models in hyperspectral imaging and genetic studies are discussed.
Near infrared spectroscopy in forest sector
NIR spectroscopy has been appointed as an emerging technology that could provide large data set of wood measurements helping to understand how genetic and environmental factors induce variation in woods (So et al., 2004) . As pointed out by Meder et al. (2011) , after a considerable effort in the last two decades, NIR spectroscopy has been accepted as a tool to provide either local or global models for the prediction of many wood traits in softwood and hardwood trees. NIR spectroscopy models are especially attractive for tree breeders and genetic programs because it is possible to quickly provide estimates of many wood traits from a single NIR spectrum, if a NIR-based calibration is available (Santos et al., 2015) . Since measuring NIR spectra is a simple operation, large data set can be rapidly produced at relatively low cost.
NIR spectroscopy with aid of multivariate statistics and computational systems is useful for quantitative but even more for qualitative applications, including classification of wood and other biological materials (Tsuchikawa & Kobori, 2015) . In summary, the technique relies on developing a calibration that relates the NIR spectra of a large number of wood samples to their known chemical constitution, for example pulp yield or cellulose content (Raymond, 2002) . This NIR-based calibration is then used to predict, for instance, the pulp yield or cellulose content of further samples. In addition to the chemical composition, the physical (Cogdill et al., 2004) , mechanical properties could also be predicted using NIR spectroscopy.
For qualitative analysis, the main multivariate technique is Principal Component Analysis (PCA) and Partial Least Squares Discriminant Analysis (PLS-DA) while for quantitative studies, the most common techniques for calibrating a predictive model are Principal Component (PC) and Partial Least Squares (PLS) regressions (Naes et al., 2002) .
Wood characterization
The first works that used the NIR spectroscopy technique to characterize wood concentrated on properties directly related to wood chemistry and were based on milled chips obtained from composite whole-tree samples. Birkett & Gambino (1989) , Easty et al. (1990) , Wright et al. (1990) and Wallbäcks et al. (1991) presented the first results concerning NIR spectra and chemical properties of the wood, especially its cellulose content.
Later, NIR spectroscopy approach has been also extended to assess non-chemical characteristics of solid wood samples showing that NIR technology is capable to also estimate physical, mechanical, and anatomical features. Tsuchikawa et al. (1992) have investigated the effect of the surface-structure of wood on NIR spectroscopy. The first study involving NIR spectra and wood density was probably presented by Thygesen (1994) . She used Norway spruce (Picea abies (L.) Karst.) shavings and solid wood for demonstrating that the technique could be used to estimate the dry matter content and density of wood. Afterward, NIR spectroscopy was applied by Hoffmeyer & Pedersen (1995) for solid wood samples of the same species to evaluate dry density (dry weight per dry volume). They stated that NIR spectroscopy could be used to predict wood density as well as compression and bending strength of dry wood. Santos et al. (2012) also estimated wood basic density of Australian Blackwood (Acacia melanoxylon) using NIR spectroscopy. It was also concluded that at least 45 samples for calibration and a further 16 samples for validation are necessary to obtain acceptable models for screening.
Moisture content
Wood, like many natural materials, is hygroscopic; it takes on moisture from the surrounding environment. Moisture content (MC) exchange between wood and air depends on the relative humidity and temperature of the air and the current amount of water in the wood (Glass & Zelinka, 2010) . The moisture variation has an important influence on wood properties and performance, affecting strength, drying, processing, glue curing, and bond performance (Adedipe & Dawson-Andoh, 2008) . As pointed out by Leblon et al. (2013) , wood industry has particular interest for models capable of handling a broader range of moisture content variations in order to be able to measure MC at different steps of the manufacturing process, whatever the level of MC. Thus, many studies have been developed to deal with this important issue. Thygesen & Lundqvist (2000) have investigated the effect of peak shifts in NIR spectra of moist wood samples due to temperature variations in NIR calibrations for moisture. They used different strategies to deal with this problem. These model approaches yielded good prediction errors (8-10%) for MC of unknown samples. Defo et al. (2007) have reported NIR calibrations for predicting MC of solid red oak (Quercus spp.) wood taking into account the effect of grain orientation. They obtained good predictions using NIR spectra collected from transverse or radial surfaces between 1000 and 2300 nm, with root mean square of errors of prediction of less than 3.6%. Adedipe & Dawson-Andoh (2008) have examined the feasibility of using NIR spectra for estimating MC of yellow-poplar (Liriodendron tulipifera) veneer sheets. According to their results, both principal component regression (PCR) and partial least squares regression (PLS) models for estimating MC presented correlations R² > 0.94. When they used only the spectra window from 1400 to 1900 nm (a region between the two main hydroxyl absorption peaks) the correlation coefficients R² were 0.985 and 0.986 for PCR and PLS, respectively. Watanabe et al. (2010) showed that surface MC of western hemlock (Tsuga heterophylla) varying from 5 to 105% can be predicted in real time at relatively rapid line speed (up to 1 m/s) by using a single NIR spectrum for robust and flexible monitoring of MC in wood. Watanabe et al. (2011) also calibrated a NIRbased model for MC of western hemlock wood samples belonging to three moisture classes. NIR spectroscopy showed good ability for predicting MC of the three moisture groups while the commercial capacitancetype moisture meter failed to establish a significant difference between middle-and high-moisture groups. Mora et al. (2011a) applied NIR spectroscopy for the estimation of MC of loblolly pine (Pinus taeda) wood. They recorded NIR spectra from the transverse surface of the green discs and developed calibrations model for MC with R² = 0.85 and mean square errors of 2.1%. Cooper et al. (2011) developed NIR-based models for estimating MC of southern pine (Pinus sp.), western redcedar (Thuja plicata) and Pacific silver fir (Abies amabilis). They reported that it was possible to estimate average MC within ±10-30% of measured value of airdried wood samples by NIRS at high moisture contents and more accurately (±2-5%) below 30% MC. They showed MC predictions for conditioned samples within 2-3% of measured values in the 0-30% MC range. Hans et al. (2012) applied NIR spectroscopy for estimating MC of frozen and unfrozen black spruce logs. They acquired spectra on sapwood and heartwood as well on tangential and transversal log sections and developed predictive models for the frozen and unfrozen logs separately (temperature-specific models) and for both kinds of logs together (generalized model). Both model types gave similar prediction accuracy and there were no temperature condition effects on the NIRbased calibrations for MC estimations. Haddadi et al. (2016) calculated the absorption and scattering coefficients, transport absorption and the penetration depth from visible-near infrared reflectance spectra acquired over thin samples of quaking aspen (Populus tremuloides Michx.) and black spruce (Picea mariana Mill.) conditioned at three different moisture levels (3, 7 and 16%). The best PLS model for MC of black spruce, quaking aspen and both species presented a root mean square error of cross validation (RMSECV) of 1.40%, 1.09% and 1.23%, respectively and the coefficient of determination (R 2 cv) was higher than 0.94. For black spruce and quaking aspen samples, the penetration depth reaches its maximum (around 1.3 mm) between 800 nm and 1300 nm, but beyond 1300 nm it decreases and reaches only 0.2 mm above 1450 nm.
Application reviews and spectra interpretation of wood components
NIR spectroscopy has been widely used to evaluate many wood traits covering a wide range of applications. Many review articles describing a range of applications of NIR spectroscopy in the forest and wood researches are available. Schimleck et al. (2000) , So et al. (2004) , Tsuchikawa (2007) , Tsuchikawa & Schwanninger (2013) and Tsuchikawa & Kobori (2015) presented complete review papers on NIR spectroscopy applications in wood research where recent technical and scientific reports have been widely presented and discussed. Leblon et al. (2013) listed the researches on NIR spectroscopy for real-time monitoring specifically moisture content and wood density. In regard to the NIR spectra and regression coefficients interpretations, a complete discussion about the band assignments for wood and wood components has been presented by Schwanninger et al. (2011) . They have compiled detailed tables comprising band locations in wavenumber, the component likely to absorb at this band location, the bond vibration, as well as descriptive remarks. published a tutorial for use of NIR spectroscopy in wood and its products based on more than 40 years of collective experience and summarized cutting-edge knowledge in instrumentation, spectral acquisition and data mining in relation to the wood science and technology. They provide practical recommendations and inform young scientists the critical steps in using NIR spectroscopy to assess wood quality while alert managers to the level of operator skill required for the successful adoption of NIR technology.
In short, many research teams have been dedicated to the NIR applications on wood and its products, among which we like to highlight the following leading teams: Saturo Tsuchikawa (Japan), Manfred Schwanninger -in memoriam (Austria), Laurence Schimleck (USA), José Carlos Rodrigues (Portugal), Gilles Chaix (France), Anna and Jakub Sandak (Italy), Brian Via (USA) and Roger Meder (Australia).
Practical aspects in wood NIR measurements Laboratory vs. portable NIR devices
Portable NIR systems offer a low-cost alternative to laboratory systems. According to Meder et al. (2011) the sample presentation options, wavelength range and resolution of these devices are reduced, but suitable calibrations can be established. Thus, portable instruments can help the acceptance of NIR technology as a reliable tool for characterizing wood. Portability also realizes the ultimate goal of delivering a device that can be taken into the forest and applied to assess individual standing trees, enabling non-destructive evaluation of every individual tree in a breeding trial. Downes et al. (2010) developed NIR calibrations to estimate Kraft pulp yield and cellulose content from NIR spectra taken breast height strips of Eucalyptus nitens trees. They compared calibrations developed from NIR spectra recorded using laboratory and portable instruments and found out that both devices were effective in predicting radial variation, with standard errors of prediction of 1%. Meder et al. (2011) compared the performance of a laboratory-based full-range Fourier transform NIR system with two portable NIR devices operating at two different spectral ranges. Calibrations for Kraft pulp yield and cellulose content were developed for the laboratory NIR and a range of hand-held portable NIR instruments. Their study demonstrated that the wavelength range and resolution of the portable instruments are adequate showing promising results and pointing out that the properties (wavelength range and resolution) of the portable instruments are suitable for the prediction of Kraft pulp yield and cellulose content. Hans et al. (2012) tested a hand-held microelectro-mechanical system (MEMS) based on NIR spectrometer to estimate moisture content and basic specific gravity of frozen and unfrozen black spruce logs. They stated that this type of spectrometer apparatus can be used independently of temperature and freezing conditions. reported their initial experiences of comparing a laboratory-grade instrument (MPA, Bruker Optics GmbH, Ettlingen, Germany) and portable NIR device (MicroNIR 1700, Viavi Solutions, Santa Monica, CA, USA) for detecting wood defects such as reaction wood, knots, resin pockets, discoloration due to fungal attack, stain and decay.
They also successfully tested calibration transfer of chemometric models between laboratory and in-field instruments. Their findings clearly demonstrated that both instruments may be used for detection of wood defects (abnormal wood) and for their classification (knot, resin pocket and compression wood), although further studies are required for ensuring sufficient reliability of models, compensating variability in the conditions during measurement.
Accuracy of NIR technology for predicting wood properties in laboratory conditions
The reliability of the NIR predictions can be verified by validation of models (Brereton, 2003) . The best way to test a calibration model, whether it is a quantitative or a qualitative model, is to have some samples in reserve, that are not included among the ones on which the calibration calculations are based, and use those samples as validation samples, sometimes called test or prediction samples (Mark & Workman, 2007) . In regard to the validation of the NIR-based models for wood properties, several studies have used independent test sets to validate their NIRbased calibration for wood traits (Rodrigues et al., 2006; Sousa-Correia et al., 2007; Hein et al., 2009) . Rodrigues et al. (2006) presented an interesting paper where they demonstrated that predicted values can be better than expected from cross-validation results using Klason lignin content estimations in wood meal samples of 15-year-old maritime pine (Pinus pinaster). They developed calibration for lignin content, but due to low precision and accuracy in the reference data set, NIR-based regression yielded a slope of 0.51 and an intercept at 14% lignin. Then, they expressed with an independent data set for external validation, obtained with higher precision (2007) have applied NIR spectroscopy for estimating the oil content of individual Holm oak (Quercus sp.) acorn kernels from different trees, sites and years. Three different technicians performed the extractions and the findings revealed the accuracy of the oil extraction procedure (standard deviation of 0.1%). Then, they developed NIR models with R² of 0.99 and root mean square error in cross validation of 0.37%. According to them, the varying moisture content within, and especially between, the years does not invalidate the results. The results of the analyses performed by the three people revealed good manageability of the procedure of oil extraction. Hein et al. (2009) evaluated the robustness of the models based on NIR spectroscopy to predict wood basic density in Eucalyptus urophylla using two totally independent sample sets. In this study, the two data sets, wood density determinations and acquired NIR spectra, were carried out by two technicians (the other technician determined wood density and record NIR spectra of 105 wood samples while another evaluated 85 independent wood samples). One independent data set was used to build PLS-R models and applied the other to validate the results, and vice-versa. The predictive models developed from the radial surface NIR spectra provided the good adjustment with r²p (determination coefficient in test set validation) varying from 0.79 to 0.85 and RPD (ratio of performance to deviation) ranging from 2.3 to 2.7 while the spectra measured on tangential and transversal wood surfaces supplied less robust regression models.
Despite many papers have demonstrated that NIR models present good performance in cross-validations or independent validations for wood density (Via et al., 2003 (Via et al., , 2005 Cogdill et al., 2004; Mora et al., 2008; Hein et al., 2009) , mechanical properties (Schimleck et al., 2001; Kelley et al., 2004; Fujimoto et al., 2008) and chemical composition (Gierlinger et al., 2002; Kelley et al., 2004; Rodrigues et al., 2006; Sousa-Correia et al., 2007) , there is still a lack for applications in real situations. While a number of studies have demonstrated that the NIR spectroscopy and multivariate analysis works well in laboratories where the conditions are controlled, limited studies have been done simulating in real industrial conditions, like pulp mills or wood processing factories. Thus, the ability of NIR spectroscopy for predicting wood traits on unknown samples from pre-established models is still not fully demonstrated and then, this issue requires further simulations.
Innovative NIR techniques in wood characterization

Hyperspectral imaging
Spectral imaging is a new technology combining spectral reflectance measurement and image processing technologies (Tatzer et al., 2005) . A hyperspectral imager relies on collecting and processing information from NIR spectra recorded from the biological material. According to Manley (2014) the main advantage of NIR hyperspectral imaging is that it facilitates visualisation of the distribution of different chemical components in a sample, as well physical (Mora et al., 2011b) , mechanical and anatomical (Duncker & Spiecker, 2009 ) variations along wood pieces.
The idea of hyperspectral imaging is to obtain a NIR spectrum for each pixel in the image with the purpose of identifying variations in wood properties and detecting defects or other characteristics. As the natural variations on the wood quality affect its use in industry, wood is highly suitable for NIR hyperspectral imaging. Several studies have been carried out in regard to this issue in wood and its products. Tatzer et al. (2005) applied hyperspectral imaging for classifying paper and cardboards. They reported that the best classification performance was obtained using a combination of principal components analysis and linear discriminant analysis. Duncker & Spiecker (2009) used NIR hyperspectral imaging for detecting and classifying compression wood in stem cross sections of Norway spruce. They successfully classified the cross-sectional areas by hyperspectral image analysis into severe compression wood, moderate compression wood, normal wood, and background /cracks. Mora et al. (2011b) applied NIR hyperspectral imaging for the estimation of basic density and moisture content of loblolly pine wood discs. They reported promising calibration models for basic density (R² of 0.81) and MC (R² of 0.77) and suggested that hyperspectral imaging can be used for the estimation of basic density and MC of loblolly pine discs. Thumm et al. (2010) applied NIR hyperspectral imaging for two-dimensional mapping the chemical composition on the transverse surface of Monterrey pine (Pinus radiata) wood discs. They developed NIR calibrations to visualise the distribution and variation of lignin, galactose and glucose in the discs with R²/ standard error of performance values of 0.84/1.48 for lignin; 0.87/0.68 for galactose; and 0.87/0.95 for glucose. Meder & Meglen (2012) used NIR spectroscopy for predicting the severity of compression wood in Monterey pine samples using a subjective microscopic assessment of compression wood as the reference method. They reported a NIR-based calibration with R² of 0.84. Then, they achieved the spatial resolution of compression wood in board cross sections and discs from logs using an improvised NIR microscope based on a Zeiss trinocular microscope and, more recently, using a NIR hyperspectral line camera. According to them, compression wood was identifiable on the disc surfaces across the continuum from normal wood to severe compression wood. Kobori et al. (2013) used visible-near-infrared hyperspectral imaging for monitoring the MC of wood samples during natural drying. They reported validations with high prediction accuracy indicating that hyperspectral imaging has a high potential for monitoring the water distribution of wood. Smeland et al. (2016) studied the weather degradation effects on thin wood samples exposed outdoors from 0 days to 21 days and to ultraviolet (UV) radiation in a laboratory chamber using a hyperspectral camera in the NIR wavelength range (in transmission mode). They presented robust prediction models for weathering effects on wooden surfaces from spectra of earlywood and latewood extracted from the hyperspectral image cubes using different regression techniques.
Genetic studies on forest and wood combined with NIR technology
According to Posada et al. (2009) , NIR spectroscopy applications seem promising in several fields linked to breeding study, notably for genetically improving quality. Because NIR spectroscopy can be considered as an incalculable source of information concerning wood and its properties (Hein & Chaix, 2014) this technology has been successfully applied in breeding programs for tree selection (Schimleck, 2008) . According to Meder (2015) the ability to rapidly and non-destructively predict a number of wood quality traits using NIR spectra obtained from outer wood swarf collected by portable NIR at breast height in standing trees now provides tree breeders with information on traits of economic importance on all individual trees within a breeding trial -potentially thousands of trees.
Silva Perez et al. (2007) applied NIR spectroscopic models for estimating the content of lignin, cellulose, hemicelluloses, and extractives, as well as pulp yield, fibre length and wood density in 960 samples collected from a large number of maritime pine trees (belonging to 80 families obtained by crossing 18 mothers and 20 fathers). They used NIR calibrations with R² values higher than 0.9 to predict these data and carry out genetic studies. According to their findings, genetic calculations indicated that for a 1% rate of selection on mothers and fathers, genetically induced changes are possible with lignin content (−3.8%), cellulose content (+1.3%), pulp yield (+1.8%), fibre length in pulps (+0.17 mm) and wood density (+50 kg/m 3 ). Lepoittevin et al. (2011) also developed NIR calibrations for assessing chemical properties of wood in maritime pine and estimated genetic parameters of wood chemistry traits across a large genetic background in a progeny trial and clonally replicated progenies. Based on these predictions, they reported heritability estimates from 0.21 to 0.25 for lignin; from 0.17 to 0.18 for cellulose; and 0.17 to 0.55 to hemicelluloses. They pointed out that wood chemistry traits were genetically inter-correlated (e.g., negatively between lignin and cellulose), whereas correlations with growth were not significant, indicating that growth and chemical properties could be improved independently. Brawner et al. (2012) evaluated a series of spotted gum (Corymbia citriodora) progeny trials in Queensland, Australia for generating genetic parameter estimates and to predict genetic gain for pulp production. They pointed out that the NIR based predictions of average wood density and pulp yield indicate the species has considerable potential as a pulpwood crop. Mandrou et al. (2012) applied NIR-models for estimating lignin content and syringyl to guaiacyl ratio (S/G) in Eucalypt wood (in 33 Eucalyptus urophylla full-sib families). They reported a high value of narrow sense heritability for lignin content (h²=0.85) and S/G ratio (h²=0.62) indicating that these traits are under strong genetic control. Hein et al. (2012) used NIR spectroscopy calibrations for evaluating the genetic and environmental control of microfibril angle (MFA), wood density, Klason lignin content and S/G ratio in 340 control-pollinated progenies of Eucalyptus urophylla with 14 years. They found moderate to high heritability estimates (h²) for MFA (h²=0.43), density (h²=0.61), S/G ratio (h²=0.71) and Klason lignin (h²=0.76). These findings allow discussion of their impact on breeding strategies for pulpwood, fuelwood and sawn timber production. Hung et al. (2015) evaluated genetic parameters of basic density, Kraft pulp yield, modulus of elasticity and microfibril angle in E. pellita wood grown in Vietnam using NIR spectroscopy. They stated that multi-trait selection for growth and wood properties can lead to more productive populations of E. pellita with improved productivity and wood and pulp properties. Estopa et al. (2017) applied NIR-based models for estimating chemical properties of Eucalyptus benthamii wood at 4 years old. They stated that the lignin and extractive estimates can be applied in breeding programmes of E. benthamii for early selections. In regard to the genetic studies using NIR spectra taken on foliage, Abasolo et al. (2013) examined the potential of NIR spectroscopy for field diagnosis of hybrids between Corymbia species from NIR spectra recorded on foliage of 383 hybrid and 533 parental seedlings grown in a common garden. Using PLS-DA, the mean assignment rates for the three hybrid groups ranged from 76 to 90% while the F1 taxon assignment rates were usually higher than those for parents at 100% and 72%, respectively. Meder et al. (2014) also recorded NIR spectra from foliage, but in Pinus species, and classified the extent of hybridisation for the F1 and backcross progeny of their hybrids. The findings indicate that this technique has the potential to confirm and assess the extent of hybridisation in Pinus species. It might be possible to use NIR spectra from foliage to recover taxon information of seedlings, for instance, in extreme situations where trial records are lost or trial plot labelling is missing (Meder et al., 2014) .
Few studies have investigated the genetic and environmental control from the NIR signature variations of vegetal materials. The advantage of the estimation of heritability of wood or trees from NIR spectra is that this approach does not require traditional wet chemistry analysis of wood by standard methods for selecting potential trees (and their wood), which are expensive and time consuming.
In perennial crops, Posada et al. (2009) used NIR spectral signatures to characterize coffee varieties and indicated how this typical signature can be used in breeding to assist in selection. Their findings suggest that IR spectroscopy can be used by breeders for indirect selection on the basis of biochemical composition, and consequently on cup quality, in the coffee tree, but probably also in other species. Greaves et al. (1996) evaluated the genetic control of NIR spectra recorded from the wood powder of 7-yearold Eucalyptus trees from 94 open-pollinated families founding that the NIR bands presenting high genetic control showed low family by site interaction. Hein & Chaix (2014) investigated the extent of NIR spectral variations recorded on solid eucalyptus wood from clonal tests under genetic and environmental control. They showed that variations in some regions within NIR spectra are controlled by genetic effects presenting heritability estimates greater than 50%. As the findings appear to be repeatable along the stem, this confirms that wood breeders should focus at diameter breast height for sampling increment cores and performing the NIR analysis.
Final considerations
The development of rapid, accurate and industrially feasible methods have become necessary for characterization and classification of raw material in the forestry-related industry, especially for pulp and paper or sawn wood, since these companies require methods able to monitor the quality of a large number of samples.
The main challenges to be overcome in order to make the NIR spectroscopy an applicable, reliable technique in field conditions are moisture and portability. Fresh wood, bark, fruits, seeds and leaves can present high levels of moisture and NIR spectra is very sensitive from 1400 to 1900 nm, where two main hydroxyl absorption peaks occurs. Moreover, there is a need for portable NIR equipment capable to record NIR spectra with low noise and low sensitivity to temperature and humidity variations of the air, as well as other common sources of variation to forest environments. Studies concerning the sample preparation effects on NIR calibrations and investigations about the robustness of the calibrations also are required.
Many researches have demonstrated that NIR spectroscopy and multivariate analysis work well in laboratories where the conditions are controlled. However, there is still a gap between laboratory research and real situations concerning the performance of NIR models in wood. Studies showing the success of NIRbased models in real situations, taking into account variations in moisture, granulometry, surface quality, temperature, and other sources of variation present in factories conditions would be useful.
